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Introduction 

This report consists of a tabulation of standard d d a t i o n  potentials 

for several of the transit ion elements, all referring t o  aqueous solutions 

a t  25OC. Many of these values are derived fiam more recent data than were 

considered i n  ear l ie r  compilations of thermodynamic data and oxidation 

potentials Sources of data cited here are not l i s t ed  i n  t h i s  repart, 

but vdU be l i s t ed  i n  detai l ,  along with related thermodynamic data, i n  

subsequent publicatiohs. 

discussion of sources of these potentials and i n  the related thermodynamic 

data may obtain sane of these before further publication 

with the autholi. 
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Readers who are interested i n  this detailed 

communicating 

Sane further potentials w i l l  also be tabulated later.  

I n  spi te  of considerable discussion3d i n  recent years, general 

agreement i s  s t i l l  lacking on %ign conventionslt f o r  potentials. 

the confusion arises because I U g n 1 1  can be either e lectr ical  or algebraic. 

Much of 

Potentials measured i n  the laboratury are positive or  negative i n  an 

e lec t r ica l  sense. 

potentials (based on an arbitrary conventional value for a reference 

electrode) that are also positive or negative i n  an e lec t r ica l  sense. 

The e lec t r ica l  signs of these electrode potentials are independent of haw 

we write the electrode reactions. 

Ag/Ag+ electrode (taking Eo = 0.0 v fo r  the H2/H electrode) i s  conveniP-n+”JT 

These electr ical  c e l l  potentials lead t o  electrode 

The standard electrode potential of a 
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represented as + 0.8 where + is written t o  emphasize tha t  the sign 

is electr ical  and is  independent of haw we choose t o  represent the electrode 

or  the reaction that occurs a t  the electrode. 

13 0 
1 -  

~ 

I 
On the other hand, the potentials tha t  are used i n  thermodynamic 

calculations are positive or negative i n  an algebraic sense. 

these quantities reaction potentials and half reaction potentials t o  

dis t inguish them fram c e l l  potentials and electrode potentials that have 

electr ical  signs. 

h a l f  reaction potentials depend on t h e  directions of the reaction or 

half reaction equations under consideration. 

We may  c a l l  

The algebraic signs of these reaction potentials and 

Thus we write 

and 

The 

for  

(2) &+(as) + e- =: Ag(c) Eo = tO.8 E 

potential i n  (1) may be called an (algebraic) oddat ion potential 

the &/Ag half reaction while the potential i n  (2) i s  an (algebraic) + 
+ reduction potential for the Ag /Ag half reaction. 

la ted i n  t h i s  report are oxidation half reaction pchentials with 

algebraic signs as i n  (1). 

A l l  potentials tabu- 

These tabulated ha l f  reaction oxidation 

potentials are based on the usual references: 

H2(g) = 2 H+(aq) + 2 e- E O B O X  (3 1 
H2(g) + 2 OH-(*) = 2 H20(liq) + 2 e- Eo = 0.828 (4) 

The standard s ta tes  relevant t o  these standard potentials are also 

the usual ones192. 

It might be mentioned tha t  the decision t o  tabulate half reaction 

potentials with algebraic signs rather than electrode potentials with 



* ,  

-3- 

e lec t r ica l  signs (+ is  not necessarily interchangeable with 

based on a greater personal in te res t  i n  thermodynamics and chemical 

equilibrium than i n  electrochemistry. 

should be made i n  terms of reduction potentials so tha t  + and + are 

equivalent. and - and 0 are equivalent, thus eliminating the need t o  

think about the meaning of Itsigntt. 

+ ) w a s  0 
It may be tha t  future tabulations 

0 

The "sign conventiont1 used here permits straightforward use of the 

f a m i l i a r  AGO = -nFE: which a t  25OC is conveniently transformed t o  

log K = 16.9 n Eo (5 1 
2 In addition t o  giving oddation potentials, Latimer's practice 

of a lso  presenting these same data i n  the form of potential diagrams has 

a lso  been followed. 

Many of the potentials tabulated i n  this report were obtained from 

electrochemical measurements. 

d y n d c  data. 

and a l s o  i n  more elementary fashion 

Many others were obtained from thermo- 
7 These approaches have been summarized authoritatively 

8 

For some cmpoullds and ions nf in te res t ,  we are  l a c l d ~ g  standL-d 

potentials, but we do have data that  refer t o  a particular concentration 

of some particular electrolyte. 

s c r ip t  ' i s  amitted and the medium i s  described i n  parentheses. 

I n  reporting such potentials, the super- 

For 

example, a potential  tha t  applies t o  18  KC1 i s  indicated by E(l 

Most of the available data apply a t  25' -- all others are specifically 

iiidicated as by E(2Oo). 

K C l ) .  

Estimated potentials are all enclosed i n  parentheses, as Eo = (0.5) 1. 

In  some cases we have potentials t ha t  lead t o  "experimentaltt standard 

potentials t ha t  are quite uncertain fo r  any of a variety of reasons. 

Such appmximate potentials are indicated by = 
N 
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ChrcaniUm 

Acidic solution: 

Cr(c) = cr+2(aq) + 2 e- 

Cr+2(aq) = ~r+3(aq) + e- 

Cr(CN)i4(aq) = Cr(CN)i3(aq) + e - 
2 Cr+3(aq) $. 7 H20(liq) = Cr20T + l4 H+(aq) + 6 e- 

Cr+3 (aq) + 4 HzO(liq) = HCrOi(aq) + 7 H+( aq) + 3 e- 

HCrOi 

cr20;2 
cr 0.9 crS+ 0.4 c,+3 -1.34 

Basic solution: 

Cr(c) + 2 OH-(aq) = Cr(OH)2(c) + 2 e- 

Cr(OH)2(c) + OH-(aq) = Cr(OH)3(c) + eo 
a 

Eo = 0.9 x 
Eo = 0.4 x 
Eo = 1.28 

Eo = -1.33 

Eo = -1.35 

Eo = 1.6 E 

Eo = 1.6 p 

Cr(OH)3(c) + 5 OH-(aq) = CrO;;"(aq) + 4 %O(liq) + 2 e- 

4 

Eo 0.1 p 

CrOi(aq) + 4, OH-(aq) = CrOo3(aq) + 2 H20(liq) + 2 e- EO 2 0.2 p 
/A,*\ -2 

Criunl (c) + 5 oH-(aqi = cro4 (aqi + 4 %oiiiq) t 3 e- 

CrOi(aq) + 4 OH-(aq) = CrOi2(aq) + 2 H20(liq) + 3 e- 

E' 2 0.0 1 

Eo 2 0.1 p 
3 

cr0;3(4 = cr0i2(aq) + e- Eo 2 - -0.11 
0.0 ' 

I 
Cr 1*6 Cr(OH), 1*6 ~ ~ 0 - 3  cro4 1-2 

I 
4 

I 

I 0.1 1 
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Cobalt 

Acidic solution: 

CO(~) = co*(aq) + 2 e- 

CO (as) = co (aq) + e- * +3 

[Co(II) in CN-J = [So(III) in CN-] + e- 

Eo = 0.29 x 
E ( 1  %SO4) = -1.81 p 

E(4 HC104) = -1.95 1 

E(3 HN03) = -1.84 x 
E(4 HN03) = -1.85 

Eo -1.9 p 

Eo = (4.0) 
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Gold 

Au(c) + 2 Cl'(aq) = AuCli(aq) + e -  

Au(c) + 4 Cl'(aq) = AuCli(aq) + 3  eo 

AuClG(aq) + 2 Cl'(aq) = AuCli(aq) + 2 eo 

Au(c) + 2 &'(as) = AuEh.Z(aq) + e- 
Au(c) + 4 gr'(aq) = AuIh-;;(aq) + 3 e- 

AuBrZ(aq) 2 Br-(aq) = AuEbr;;(aq) + 2 e- 
AU(C) + ~'(aq) = AUI(C) + e- 

AU(C) = AU (EQ) + e- 
Au(c) + 3 %O(liq) = Au(OH)~(C) + 3 H+(aq) + 3 e- 
2 Au(c) + 3 H20(liq) = Au203(c) + 6 €i+(ag) + 6 e- 

Au(c) = AU+~(N) + 3 6- 

Au+(aq) = A~+~(aq) + 2 e- 
Au(c) + 2 SCN-(aq) = Au(SCN)Z(aq) + t?- 

+ 

Au(c) + 4 SCN-(w) Au(SCN)~(~) + 3 e- 

Au(SCN)i(aq) + 2 S(fN%q) = Au(SCN)i(aq) + 2 e- 

AU(C) + 2 CN-(W) = AU(CN);(*) + e- 

Eo = -1.15 x 
Eo = -1.00 x 
Eo -0.93 x 
Eo = -0.96 x 
Eo = -0.86 

Eo = -0.80 x 
Eo = -0.50 E 
Eo -1.7 E 

Eo z -1.45 E 

Eo = -1.36 

Eo z -1.50 x 
Eo -1.4 L 

E ( l  M HC1) = -0.69 E 

E(l 8 HC1) = -0.66 x 
E ( l  HC1) = 4.64 E 

Eo = 0.61 

- 
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I r i d i u m  

Acidic solution: 

I r ( c )  + H20(liq) = IrO(surface) + 2 H+(aq) + 3, e- X0 = -0.87 E 

Ir(c) + 2 H20(liq) = Ir02(surface) + 4 H+(~Q) + 4 e- 

r r~1;3(4 = Ircl12(aq) + e- 

Eo = -0.94 E 

Eo = -0.867 

I ~ E @ ~ ~ )  = b&i2(aq) + e- Eo = -0.99 1 

1 ~ 1 i 3 ( ~ ~ )  = ~ r ~ i ~ ( a q )  + e- E ( l  g K I )  = -0.49 3 
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Manganese 

I Acidic solution: 

Eo = 1.19 I: 

Eo (-1.5) x 
Eo = -1.239 E 

Eo = (-LO) 3 

Eo == -2126 1 

Eo = -0.558 p 

Eo = -1.51 I: 

Eo = -1.69 E 

Eo = a - 2  
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Manganese - continued 

Basic solution: 

Mn(c) + 2 OH-(aq) =: MII(OH)~(C) + 2 e- 

MII(OH)~(C) + OHw(aq) = Mn(OH),(c> + e- 

MXI(OH)~(C] + 2 OH'(aq) = hO2(c) + 2 %O(liq) + 2 e- 

MII(OH)~(C) + OH-(aq) = Mn02(c) + 2 %O(liq) + e- - 
Mn02(c) + 4 OH-(aq) = MnOi'(aq) + 2 H20(liq) + e- 

~ h 0 ; 3 ( ~ ~ )  = h0i2(aq) + e- 

fi0i2(aq) = a~; (q) + eo 

MII(CN)z(aq) = Mn(CN)i3(aq) + e- 
Mn(OH),(c) + 6 OH-(aq) = MnOi(aq) + 4 $O(lliq) + ? e- 

Mn02(c) + 4 OH-(aq) = MnOi(aq) + 2 H20(liq) + 3 e- 

Mn02(c) + l++ OH-(aq) = MnOi2(aq) + HzO(liq) + 2 e& 

4 

Eo = 1.59 E 

Eo 0.2 3 

Eo = 0.033 E 

Eo 2 4.1 E 

Eo = -0.9 p 

Eo = 4 3  E 
Eo = -01558 

Eo = 4-0.2 

EO = 43131) E 

Eo = -0,588 

E' = -0.60 E 



. Nickel 

Acidic solution: 

~ i ( c )  = ~i*(ag) + 2 e- 

Ni*(aq) + 2 H20(liq) = Ni02(c) + 4 H+(aq) f 2 e- 

Eo = 0,232 

Eo = -1.68 v, 

N02 
Ni 0,232 Nift -1.68 

Ni o,7 Ni.(OH)2 -0.52 Ni(OH)3 -0,16 Ni02 
I I 
L -0.49 I 
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Acidic solution: 

-ll- 

Osmium 

Basic solution: 

Os(c) + 4 OHg(aq) = Os02*2H20(c) + 4 e- 
OsO2'2€$0(c) + 5 OH-(aq) = HOsO3aq) + 4 € $ O ( l i q )  + 4 e- Eo = -0109 x 
Os(c) + 9 OH-(aq) = HOsO;(aq) + 4 H20(iiq) + 8 e- 

Eo = 0'12 I v 

Eo = 0.0 E 

0.0 

1 I 
os - -0009 HkO; 
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Ruthenium 

Acidic solution: 

Ru*(aq) = R~+~(aq) + e- 

Ru(c) + 4 H20(liq) = RuOLc(aq) + 8 H + (aq) + 8 e- 

Ru(c) + 2 %O(liq) = Ru02(c,~drous) + 4 H+(aq) + 4 e- 

Eo = -0.249 p 

Eo = -1.04 p 

Eo = -0.68 p 
R~O~(c,hydrous) + 2 H20(liq) = Ru04(aq) + 4 H + (aq) 3- 4 e- Eo = -1.40 p 

f-f -0.25 Ru+3 RuO2*xH2O Ru04(aq) I 
Ru 

I 
Ru 

I I 

Ru Ru04 1 

I -0.43 
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Acidic solution: 

4- 

Silver 

Eo = -0.79931 p 

Eo = -0.22238 

Eo = -0AWU 

Eo = 0.152 p 

Eo = -0435 V, 

Eo = 0.06 e 
Eo 2 -1.98 
Eo = -1.76 1: 

Eo = -1.71 L 

Eo 2 -261 H 

Eo 2 -2.0 H 
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Silver cont hued 

-0.88 
&2'3 

4,60 
Ago -0.342 

Ag 

D P x  

Eo = 0.09 

Eo = 0.32 L 

Eo = 0.50 p 

Eo = -0.298 

Eo = -0.l.48 

Eo = -0.0895 

Eo = -0.21 L 
- PO = g,& z 
Eo = 4 4 3 7  H 

Eo = -0447 

Eo = -0.60 

Eo = -0.74 E 

Eo = 4 .88  v, 



* * ,. 
' *' 
. .  4 .  . -16- 

V a n a d i u m  

. Acidic solution: 

v(c> = v*(aq> + 2 e- Eo = 1.12 

Eo = 0.255 x 
Eo = - 0.331 v, 

Eo = -1.O00 y 

- Vfc(aq) = v +3 (as) + e  

++ + v+~(,) + H20(liq) = VO (as) + 2 H (acl) + e- 

VO*(aq> + H20(Uq) = VO;(w) + 2 H + ( d  -t- e- 



References 

1. F. D, Rossini, D, D, Wagman, W. H. Evans, S. Levine and I. Jaf'fe, 

Welected Values af Chemical Thermodynamic Properties,I1 U. S. National 

Bureau of Standards Circular 500, U. S. Government Printing Office, 

IJashington, D. C., 1952. 

If. M. Latimer, "The M d a t i o n  States of the Elements and Their 

Potentials i n  Aqueous Solutions,11 &entice-Hall, Inc., 1952. 

F. C. Anson, J h  Cha. Educ., 36, 394 (1959)~ 

J. B. Ramsay, J. Electrochem. Soc., a, 255, 691 (195712 

J. Chem. Educ., 38, 353 (1961). 

2. 

3. 

4. 

5. A. J. deBetkane, J. Electrochem. SOC., 288c (1%5!* 

6. 

7. 

T. S. Mcht and A. J. deBethune, J. Chea. Educ., 24, 433 (1957). 

K. S. Pitaer and L. Firewer, ltThennodynamics,ll (Lewis and Randall), 

NcGraw-HiU Book Co., 1961. 

L, G. Hepler, V,hemical Principbs,I1 Blaisdell Publ. Co., Waltham, 

Mass., 1964. 

8. 

Acknowledgments 

Preparation of this report has been supported by NASA Contract 

R-09-022-029 with the  Office of Standard Reference Data of the National 

Bureau of Standards. 

i s  appreciated. 

Assistance of  L. Gedansky, R. Goldberg and T. Zordan 


